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©  An  anode  system  for  plasma  heating  usable  in  a  tundish. 

r i ®   An  anode  system  for  plasma  heating  usable  in 
^ t h e   tundish  of  a  continuous  casting  apparatus,  which 
Qis   economical  and  simple  in  structure  and  can  enjoy 
^ a   long  service  life,  and  comprises  a  dam  member  - 
^ (6)   provided  on  the  bottom  surface  of  a  tundish  (1) 
If)  near  and  along  a  side  wall  or  an  over-flow  wall  of  the 
W  tundish  to  form  a  space  or  gap  therebetween,  an 
^electrical  conductive  member  (7)  with  its  end  portion 
O   exposed  to  the  space  or  gap  and  the  other  end 
rt  electrically  connected  to  a  power  source,  said  dam 
Uj  member  (6)  having  a  height  higher  than  a  level  (3c) 

of  molten  metal  remaining  after  the  pouring  of  the 
molten  metal  from  the  tundish,  but  lower  than  a 

minimum  level  (3b)  of  molten  metal  normally  con- 
tained  in  the  tundish  (Fig.  1  ). FIG.  I 

a  6 
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AN  ANODE  SYSTEM  FOR  PLASMA  HEATING  USABLE  IN  A  TUNDISH 

In  the  case  of  the  tundish  of  a  continuous 
casting  apparatus,  as  well  known,  it  is  necessary  to 
strip  off  the  solidified  metal  reaming  on  the  bottom 
of  the  tundish  after  the  pouring  and  during  this 
removal  operation,  the  electrode  provided  on  the 
furnace  bottom  is  very  often  damaged,  and  once 
damaged,  must  be  replaced  with  a  new  one. 
Therefore,  the  service  life  of  the  current  supplying 
electrodes  according  to  the  conventional  systems 
are  very  short  when  used  in  the  tundish.  In  addi- 
tion,  the  tundish  itself  is  more  often  replaced  and 
the  brick  works  are  more  frequently  replaced  as 
compared  with  the  stationary  furnaces,  and  each 
replacement  of  the  tundish  or  the  brick  works  re- 
quires  renewal  of  the  electrode,  thus  increasing  the 
running  cost  of  the  tundish  operation  and  com- 
plicating  the  over-all  works  including  the  tundish 
replacement  and  the  brick  works  replacement. 

Under  such  situations,  an  upper-insertion  type 
of  current  supplying  electrode  has  been  proposed 
for  the  plasma  heating  usable  in  the  tundish  in  a 
continuous  cast  in  apparatus  as  disclosed  in  Japa- 
nese  Laid-Open  Patent  Application  No.  Sho  59- 
107755.  This  type  of  anode,  however,  has  technical 
and  economical  problems  such  that  it  is  necessary 
to  prevent  the  melting  of  the  anode  itself  in  order  to 
increase  the  service  life,  and  for  this  a  precious 
material  must  be  used.  For  these  reasons,  the 
proposed  anode  has  not  yet  been  commercially 
used  with  success. 

Background  of  the  Invention: 

Reid  of  the  Invention: 
5 

The  present  invention  relates  to  a  plasma  heat- 
ing  device  for  heating  a  molten  steel  in  a  tundish, 
more  particularly  an  anode  system  for  the  plasma 
heating  device  suitable  for  use  in  a  tundish  of  a 
continuous  casting  apparatus.  10 

The  main  object  of  the  present  invention  is  to 
provide  such  anode  systems  which  are  economical 

•and  simple  in  structure  and  can  be  used  for  a  long 
period  of  time  under  severe  service  conditions. 

75 

Description  of  Prior  Arts: 

For  heating  molten  metal,  such  as  molten  steel 
in  various  metallurgical  furnaces,  the  adoption  of  20 
plasma  heating  has  been  becoming  more  and 
more  common  in  recent  years.  In  principle,  the 
plasma  heating  device  comprises  a  power  source, 
a  plasma  torch  (cathode)  for  generating  a  plasma 
arc,  which  makes  an  electrical  path  between  the  25 
molten  metal  and  the  plasma  torch  and  an  elec- 
trode  (anode)  to  supply  current  into  the  molten 
metal.  Conventionally,  the  current  supplying  elec- 
trode  (anode)  is  formed  by  placing  electric  conduc- 
tive  carbon  bricks  on  the  bottom  surface  of  a  30 
stationary  furnace,  such  as  a  melting  furnace,  and 
connecting  a  lead  wire  to  the  brick  formation  to 
provide  a  current  path,  or  by  forming  part  of  the 
bottom  portion  of  the  furnace  with  a  metal  having  a 
similar  composition  as  the  metal  to  be  melted  in  35 
the  furnace  instead  of  the  bricks,  and  projecting 
part  of  the  metal  formation  outside  the  furnace  in 
the  form  of  fins  for  necessary  cooling.  In  the  latter 
system,  although  the  current  supplying  electrode  is 
considerably  melted  by  the  molten  metal,  the  mol-  40 
ten  metal  pool  remaining  after  the  pouring  of  the 
molten  metal  from  the  furnace  is  allowed  to  solidify 
again  prior  to  a  subsequent  charge  of  the  furnace 
and  this  solidified  metal  can  be  used  as  part  of  the 
electrode.  45 

However,  in  cases  where  the  plasma  heating  is 
utilized  for  heating  a  molten  metal  in  a  tundish  of  a 
continuous  casting  apparatus  as  disclosed  in  Ger- 
man  Patent  Specification  No.  1288760,  the  current 
supplying  electrodes  according  to  the  above  two  50 
systems  have  been  confronted  with  the  following 
problems. 

Summary  of  the  Invention: 

Therefore,  the  present  invention  provides  an 
improved  structure  of  an  anode  system  for  plasma 
heating  usable  in  the  tundish  of  a  continuous  cast- 
ing  apparatus,  which  is  economical  and  simple  in 
structure  and  can  enjoy  a  long  service  life. 

The  anode  system  according  to  the  present 
invention  comprises  a  dam  member  provided  on 
the  bottom  surface  of  a  tundish  near  and  along  a 
side  wall  or  an  over-flow  wall  of  the  tundish  to  form 
a  space  or  gap  therebetween,  an  electrical  conduc- 
tive  member  with  its  end  portion  exposed  to  the 
space  or  gap  and  the  other  end  electrically  con- 
nected  to  a  power  source,  said  dam  member  hav- 
ing  a  height  higher  than  a  level  of  molten  metal 
remaining  after  the  pouring  of  the  molten  metal 
from  the  tundish,  but  lower  than  a  minimum  level  of 
molten  metal  normally  contained  in  the  tundish. 
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According  to  one  embodiment  of  the  present 
invention,  the  anode  in  the  form  of  wire  or  strip  is 
inserted  through  a  hole  provided  in  the  side  wall  or 
bottom  wall  of  the  tundish  into  the  space  formed 
between  the  side  wall  and  the  dam  member  or 
between  the  over-flow  wall  provided  on  the  bottom 
of  the  tundish  and  the  dam  member. 

According  to  a  further  modification  of  the 
present  invention,  the  electrical  conductive  member 
is  placed  on  the  inside  of  the  side  wall  along  its 
height  and  part  of  the  bottom  adjacent  to  the  side 
wall,  with  the  end  portion  projecting  into  the  space 
or  gap  between  the  side  wall  or  the  over-flow  wall 
and  the  dam  member  and  the  portion  exposed  to 
the  molten  metal  in  the  tundish  being  covered  by 
refractories  for  protection  from  the  molten  metal. 

The  side  wall  used  in  the  present  invention 
includes  the  short  side  wall  and  the  long  side  wall. 

Generally,  during  the  operation  of  the  tundish, 
the  pouring  of  the  molten  metal  into  a  mold  is 
continuously  performed,  while  the  supply  of  the 
molten  metal  into  the  tundish  is  made  from  a  ladle, 
and  when  one  ladle  is  poured  out  this  vacant  ladle 
must  be  changed  by  another  ladle  to  continue  the 
supply  of  the  molten  metal  to  the  tundish.  However, 
at  the  time  of  this  ladle  change,  the  supply  of  the 
molten  metal  is  stopped  temporarily,  so  that  the 
level  of  molten  metal  in  the  ladle  lowers. 

As  the  level  of  molten  metal  in  the  tundish 
lowers,  the  amount  of  slag  mixed  in  the  molten 
metal  and  entangled  into  the  mold  increases. 
Therefore,  in  the  practice  of  tundish  operation,  it  is 
necessary  to  maintain  the  level  of  molten  metal  in 
the  tundish  not  lowerer  than  a  predetermined  level. 
This  level  is  called  the  minimum  level  of  the  molten 
metal  normally  contained  in  the  tundish,  and  is 
determined  in  view  of  the  design  of  a  tundish,  a 
final  product  quality  to  be  sought,  etc.  Usually  this 
minimum  level  is  about  400  to  450  mm  from  the 
bottom  surface. 

Also  it  is  desirable  to  retain  and  allow  a  certain 
amount  of  molten  metal  to  solidify  in  the  tundish 
after  the  pouring  of  the  molten  metal  from  the 
tundish  in  order  to  efficiently  strip  off  the  coating 
material  from  the  bottom  surface  of  the  tundish 
together  with  the  solidified  metal.  This  is  called  the 
level  of  molten  metal  remaining  after  pouring  out  of 
the  molten  metal  from  the  tundish.  Usually  this 
level  comes  about  150  to  200  mm  from  the  bottom 
surface  of  the  tundish. 

Figures  2(a)  and  (b)  schematically  show  the 
anode  system  according  to  a  modification  of  the 
present  invention. 

Figures  3(a)  and  (b)  schematically  show  the 
5  anode  system  according  to  another  modification  of 

the  present  invention. 
Figure  4  schematically  shows  the  anode  sys- 

tem  according  to  a  further  modification  of  the 
present  invention. 

10 

Description  of  the  Preferred  Embodiments: 

The  present  invention  will  be  more  clearly  and 
76  better  understood  from  the  following  description  of 

the  preferred  embodiments  with  reference  to  the 
accompanying  drawings. 

In  Figure  1,1  is  a  tundish,  2  is  a  cover  for  the 
tundish,  3  is  a  molten  metal  contained  in  the  tun- 

20  dish,  3a  represents  the  maximum  level  of  the  mol- 
ten  metal  normally  contained  in  the  tundish,  3b 
represents  the  minimum  level  of  the  molten  metal 
normally  contained  in  the  tundish  at  the  time  of 
ladle  change  and  3c  represents  the  level  of  the 

25  molten  metal  remaining  in  the  tundish  after  the 
pouring-out  of  the  molten  metal  from  the  tundish.  4 
is  a  cover  for  a  heating  chamber  provided  at  the 
top  of  the  tundish,  through  which  the  plasma  torch 
5  electrically  connected  to  the  power  source 

30  through  a  cable  is  inserted  into  the  heating  cham- 
ber.  6  is  the  refractory  dam  member  according  to 
the  present  invention.  In  this  embodiment,  the  dam 
member  is  provided  on  the  bottom  2a  near  the 
short  side  wall  2b  of  the  tundish  to  provide  a  space 

35  or  gap  (b  =  3  to  4  cm)  therebetween.  7  is  an 
electrical  conductive  member  (anode)  with  its  front 
end  projecting  into  the  space  or  gap,  and  the  other 
end  being  electrically  connected  to  the  power 
source  through  a  cable  9. 

40  The  current  passage  to  the  molten  metal  3  in 
the  tundish  is  effected  through  the  electrical  con- 
ductive  member  7,  and  the  molten  metal  flowing 
into  the  space  or  gap  or  the  solidified  metal  8  in 
the  space  or  gap. 

45  According  to  the  present  invention,  it  is  neces- 
sary  that  the  dam  member  6  has  a  height  lower 
than  the  minimum  level  3b  (about  400  to  450  mm  - 
preferably  350  to  400  mm  -from  the  bottom  sur- 
face)  of  the  molten  metal  normally  contained  in  the 

so  tundish  at  the  time  of  the  ladle  change  but  higher 
than  the  level  3c  (about  150  to  250  mm  preferably 
150  to  200  mm  from  the  bottom  surface)  of  the 
molten  metal  remaining  in  the  tundish  after  the 
pouring  out  of  the  molten  metal  from  the  tundish.  In 

55  this  embodiment,  the  dam  member  bridges  be- 
tween  the  opposing  longitudinal  side  walls  of  the 

Brief  Explanation  of  the  Accompanying  Drawings: 

Figure  1  schematically  shows  the  anode  sys- 
tem  according  to  one  embodiment  of  the  present 
invention. 
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tundish  preferably  in  a  constant  height.  However, 
the  dam  member  may  be  ]  shape  or  arch  shape 
extending  from  the  side  wall  and  surrounding  the 
electrical  member. 

With  the  satisfaction  of  the  height  conditions  of 
the  dam  member  as  defined  above,  as  the  dam 
member  is  lower  than  the  minimum  level  3b  of  the 
molten  metal,  the  current  passage  to  the  molten 
metal  can  be  smoothly  effected  even  at  the  time  of 
ladle  change  when  the  level  of  the  molten  metal 
lowers  to  the  minimum  level  3b.  On  the  other  hand, 
as  the  dam  member  is  higher  than  the  level  3c  of 
the  molten  metal  remaining  in  the  tundish  after  the 
pouring  of  the  molten  metal  from  the  tundish,  the 
solidified  metal  in  the  space  can  never  be  pysically 
connected  to  the  solidified  metal  remaining  in  the 
tundish  because  of  the  existence  of  the  dam  mem- 
ber  therebetween,  so  that  the  solidified  metal  8  in 
the  space  is  not  removed  even  when  the  solidified 
metal  remaining  on  the  bottom  of  the  tundish  is 
removed  and  can  be  retained  in  the  space  serving 
as  a  component  of  the  anode  permanently  without 
the  damage  of  the  dam  member,  and  the  side  wall 
refractory  around  the  hole  through  which  the  anode 
is  inserted. 

In  the  above  embodiment,  the  electrical  con- 
ductive  material  is  inserted  through  the  short  side 
wall  of  the  tundish,  but  it  may  be  inserted  through 
the  longitudinal  side  wall  or  bottom  wall  of  the 
tundish,  and  the  space  between  the  dam  member 
and  the  side  wall  may  be  provided  between  an 
over-flow  wall  (2c  in  Figures  3  (a),  (b),  in  cases 
where  such  an  over-flow  wall  is  provided  in  the 
tundish,  and  the  dam  member  provided  near  the 
over-flow  wall.  The  space  formed  between  the 
over-flow  wall  and  the  dam  member  functions  simi- 
larly  as  the  space  formed  between  the  side  wall 
and  the  dam  member. 

In  Figures  2(a)  and  2(b)  showing  another  modi- 
fication  of  the  present  invention,  6  is  a  dam  mem- 
ber  of  the  same  structure  and  design  as  the  dam 
member  shown  in  Figure  1  ,  8  is  a  refractory  cover 
for  the  conductive  member  7  which  is  formed  in  a 
hooked  shape  or  L  shape,  made  of  steel.  In  this 
modification,  the  conductive  member  7  is  inserted 
into  the  tundish  from  upward  and  runs  along  the 
height  of  the  side  wall  and  part  of  the  bottom  of  the 
tundish  into  the  space  formed  between  the  dam 
member  and  the  refractory  cover  8,  with  the  rising 
end  portion  7c  projecting  into  the  space,  preferably 
up  to  the  height  of  the  dam  member.  The  refrac- 
tory  cover  8  covers  the  portion  7a  running  on  the 
side  wall  and  the  portion  7b  running  on  the  bottom 
so  as  to  protect  the  conductive  member  from  the 
attack  of  the  molten  metal  in  the  tundish.  The  rising 
portion  projecting  into  the  space,  when  brought  into 
contact  with  the  molten  metal  is  melted  by  the 
molten  metal  during  the  tundish  operation. 

In  addition  to  the  advantages  of  the  embodi- 
ments  shown  in  Figure  1,  the  embodiment  shown 
in  Figures  2(a)  and  2(b)  has  the  advantages  that  as 
the  rising  end  portion  7c  initially  projects  into  the 

5  space  up  to  the  height  of  the  dam  member,  it  is  no 
more  necessary  for  the  conductive  member  to  wait 
for  the  flowing-in  of  the  molten  metal  into  the 
narrow  space  between  the  side  wall  and  the  dam 
member  as  in  the  embodiment  shown  in  Figure  1  , 

to  and  as  the  conductive  member  is  not  inserted 
through  the  side  wall  there  is  no  danger  of  leeking 
of  the  molten  metal  through  the  hole  of  the  side 
wall. 

In  Figures  3{a)  and  3(b),  the  dam  member 
T5  provided  near  the  over-flow  wall  2c  and  the  elec- 

trical  conductive  member  7  is  arranged  in  the  same 
manner  as  in  Figures  2(a)  and  2(b). 

The  over-flow  wall  is  used  for  removing  an 
excessive  amount  of  the  molten  metal  from  the 

20  tundish.  This  modified  mebodiment  produces  same 
results  as  the  embodiment  shown  in  Figures  2(a) 
and  2(b). 

According  ■  to  another  modification  of  the 
present  invention  as  shown  in  Figure  4,  the  anode 

25  assembly  is  formed  by  utilizing  the  longitudinal 
side  wall  2d  of  the  tundish.  In  this  case,  the  dam 
member  6  extends  from  the  side  wall  in  a  ]  shape 
surrounding  the  electrical  conductive  member  7. 

In  this  modification  also,  similar  results  can  be 
30  obtained  as  in  the  modification  shown  in  Figures  2- 

(a)  and  2(b). 
As  understood  from  the  foregoing  description, 

the  anode  system  according  to  the  present  inven- 
tion  can  be  used  almost  permanently  for  the  plas- 

35  ma  heating  in  the  tundish  and  is  very  economical 
and  simple  in  the  structure. 

Claims 
40 

1.  An  anode  system  for  plasma  heating  usable 
in  a  tundish  of  a  continuous  casting  apparatus, 
comprising: 
a  dam  member  provided  on  the  bottom  of  the 

45  tundish  near  a  side  wail  member  of  the  tundish  to 
form  a  space  therebetween;  and 
an  electrical  conductive  member  with  its  end  por- 
tion  exposed  to  the  space  and  the  other  end  being 
electrically  connected  to  a  electric  power  source 

so  for  plasma; 
said  dam  member  having  a  height  higher  than  a 
level  of  molten  metal  remaining  after  pouring  out  of 
the  molten  metal  from  the  tundish,  but  lower  than  a 
minimum  level  of  molten  metal  normally  contained 

55  in  the  tundish. 
2.  An  anode  system  according  to  claim  1, 

wherein  the  side  wall  member  is  an  over-flow  wall 
provided  in  the  tundish. 
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3.  An  anode  system  according  to  claim  1  or  2, 
wherein  the  electrical  conductive  member  is  in- 
serted  into  the  tundish  through  a  hole  bored  in  the 
side  or  bottom  wall  of  the  tundish. 

4.  An  anode  system  according  to  claim  1  or  2,  5 
wherein  the  electrical  conductive  member  is  in- 
serted  into  the  tundish  from  above  and  runs  on  the 
inside-wall  of  the  tundish  to  the  space,  and  the 
portion  of  the  electrical  conductive  member  ex- 
posed  to  the  molten  metal  in  the  tundish  except  for  io 
the  end  portion  is  covered  with  a  refractory  cover. 

5.  An  anode  system  according  to  any  of  the 
preceding  claims,  wherein  the  electrical  conductive 
member  is  made  of  metal  having  the  same  com- 
position  as  the  molten  metal  in  the  tundish.  75 

6.  An  anode  system  according  to  any  of  the 
preceding  claims,  wherein  the  electrical  conductive 
member  is  made  of  steel. 

7.  An  anode  system  according  to  claim  1  or  2, 
wherein  the  end  portion  of  the  electrical  conductive  20 
member  projects  into  the  space  up  to  the  height  of 
the  dam  member. 

25 
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